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Abstract 
In this research, the balanced 
encoding scheme is used instead of 
OOK for OCDMA systems[1]-[12]. The 
slotted timing and the packet format to 
maintain constant interference in a time 
slot are discussed. The receiver in the 
proposed OCDMA system needs only to 
estimate the MUI [9][13]-[28] at the 
beginning of a time slot instead of 
estimating bit by bit; therefore, the data 
rate is no longer severely limited by the 
electronic processing time in estimating 
the MUI and tuning the threshold device. 
The maximal number of users in the 
proposed system is the same as that in 
the OOK system with interference 
estimator. Although the balance encoder 
is more complex than the OOK encoder, 
the receiver in the proposed system is 
simpler than that in the OOK system. In 
the receiver, two kinds of threshold 
estimator are introduced. Numerical 
results show that the proposed OCDMA 
systems have smaller BER than OOK 
systems. The BER of the proposed 
system can be further reduced by 
slightly increasing the number of 
training bits. Numerical results also 
show that the system with sub-optimal 
estimator, which is much simpler than 
the optimal estimator, has good 
performance, especially when the 
number of simultaneous users is large. 
Keywords: optical CDMA (OCDMA), 
optical code-division multiplexing 
(OCDM), on-off-keying (OOK), balance 
encoder, multiple–access interference 
(MAI). 
 
?? ????? 
The fixed optical code-division 
multiplexing (OCDM) system is a 
simplified version of the optical 
code-division multiple access (OCDMA) 
system. In OCDM systems, the number 
of active simultaneous users can be 
fixed as long as the idle code-channels 
are keeping transmitting idle data. 
However, in OCDMA networks, the 
number of simultaneous users is no 
longer constant. As a result, the 
receivers in the OCDMA network have 
to dynamically estimate the MUI and the 
threshold should be adaptively tuned. 
In [22], the receiver shown in Fig. 1 
with interference estimator for the 
OOK-OCDMA system that uses 
modified prime codes as spreading 
codes is proposed. In the receiver, half 
of the received power is split to the MUI 
estimator while the other is split to the 
decoder. The MUI estimator estimates 
the power of interference and then tunes 
the threshold of the threshold circuit. 
However, since the MUI in the 
OOK-CDMA system is changed bit by 
bit, the receiver has to estimate the MUI 
and tune the threshold for every bit. 
Consequently, the main disadvantage of 
the receiver is the limited transmission 
rate due to the electronic processing 
time in estimating the interference and 
determining the threshold. To overcome 
this problem, we try to maintain the 
MUI constant during a time slot by 
using the balanced encoding scheme. In 
such systems, the interference estimation 
is needed only at the beginning of each 
time slot instead of at every bit. 
Moreover, since the parallel processes in 
estimating the MUI and detecting data 
are no longer needed in the proposed 
system, it is possible to simplify the 
hardware of the receiver.  
 
?? ????? 
1.???? 
1.1 The transmitter 
The transmitter with balanced 
encoding is shown Fig. 2. The data bits 
b=0 and b=1 are encoded by the upper 
branch and lower branch respectively. In 
each group of EPCs, )1( −p  EPCs are 
allotted to transmit b=1 to )1( −p  
users respectively, and the remaining 
EPC is reserved as the common code to 
transmit b=0 to the )1( −p  users. 
Based on the balanced encoding, the 
MUI contributed by any user is 
independent of the transmitting data. 
1.2 The receiver 
The structure of the receiver is 
shown in Fig. 3. Let I be the number of 
simultaneous users whose EPCs are 
outside the group to which the receiving 
EPC belongs, the received power can be 
expressed as 
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where PR is the received power per chip 
and the optical correlator is assume the 
delay-line correlator [2][28]. As long as 
all of the beginning bits in each time slot 
are 0s, each decoder can get the 
interference power (IPR/p). Therefore, at 
the beginning of each time slot, the 
decoder estimates the MUI and 
determines the threshold θ. After the 
estimation, the receiver begins to detect 
the received data. Since the MUI 
estimation is done at the beginning of 
each time slot only, the data rate of the 
system is no longer limited by the 
electronic processing time in estimating 
the MUI. Moreover, since the MUI 
estimation and data detection are now 
performed sequentially, the hardware of 
the new decoder is much simpler than 
that shown in Figure 1. 
1.3 The slotted timing 
In the proposed OCDMA network, 
the packets are transmitted in 
synchronous time slots. As shown in Fig. 
4, every packet is transmitted at the 
same time tT. In order to ensure that 
every packet has reached its destination, 
the receiver begins to estimate the MUI 
at tE＝ tT＋ TMD, where TMD is the 
maximal possible delay. In the duration 
from tE to tD, the receiver estimates the 
MUI and then tunes the threshold θ. 
After that, from tD to tN, the receiver 
detects the received bits. 
1.4 The packet format 
As shown in Fig. 4, each packet 
consists of the following fields. 
(i) Preamble field: The preamble 
consists of all zero bits. The length 
of the preamble must ensure that 
every receiver can get the zero bits 
from all of the transmitted packets to 
estimate the MUI during the training 
period from tE to tD. Let TPM denote 
the length of the preamble in 
seconds, we have TDPM ttT −≥ . 
(ii) Data field: The data field consists of 
header bits, the payload, and tail bits. 
Since all of the preamble bits are 
zeros, the first bit of the header must 
be 1 to declare the beginning of the 
data field. To ensure that the latest 
tail bit can reach the receiver before 
tN, we have PMENDTA TttT −−≤ , 
where TDTA is the length of the data 
field. 
(iii) Pad field: In order to maintain the 
constant MUI in the detecting period, 
the length of each packet should be 
padded to (tN－tT) seconds. Let TPD 
denote the length of the pad field, 
we have 
DTAPMTNPD TTttT −−−=  
2. Numerical Results 
In this section, we calculate the 
numerical results according to the 
parameters listed in Table 1. The BERs 
of constant interference OCDMA 
systems using optimal and sub-optimal 
thresholds for p=5 and PR＝2 µW are 
shown in Fig. 5. In the figure, the 
determination of threshold is based on 
the optimal threshold that minimizes the 
BER or based on the sub-optimal 
threshold that minimizes the BER for 
full loaded case only. Under the same 
parameters, the BER of the 
OOK-OCDMA system shown in Fig. 1 
using threshold pGTX scOOK λθ 45.0
~
+= , 
which is suggested in [22], is also shown 
in Fig. 5. By comparing the BERs of the 
OOK system and those of the constant 
interference systems with W=1, it is 
found that constant interference systems 
have lower BERs, though the average 
MUI in the OOK system is smaller. The 
reason of this phenomenon is that the 
constant interference systems use full 
power to estimate the MUI and to detect 
data while only half of the received 
power is used in the OOK system.  
As the number of training bits W 
increased, the estimation error is reduced 
since the variance in estimating the MUI 
is decreased. Therefore, the BERs of the 
proposed systems are reduced toward 
their ideal curves. Moreover, since the 
sub-optimal system is design to get the 
minimal BER under full load, it can be 
found that the difference between the 
BERs of the optimal and sub-optimal 
systems decreases with the increased N. 
Under full load, the BER against 
received power PR is shown in Fig. 6. It 
is obvious that the BERs of constant 
interference OCDMA systems are 
smaller than that of the OOK system. 
Fig. 6. also shows that the BER can be 
obviously reduced if a few training bits 
are used. 
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Fig. 1. The receiver with dynamical MUI estimator for OOK-OCDMA systems 
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Fig. 2.  The block diagram of the transmitter 
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Fig. 3. The receiver of the slotted transmission OCDMA network 
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Fig. 4.  The received packets with fixed preamble length at some receiver 
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Fig. 5.  The bit error rates of constant interference OCDMA systems and the 
OOK-OCDMA system. (p=5, PR＝2 µW) 
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Fig 6.  The full loaded BER against received power for OOK and constant 
interference OCDMA systems with p=5 
 
 
 
 
 
 
 
 
 
Table 1.  Link Parameters 
 
Name Symbol Value 
Wavelength λ 1300 nm 
APD quantum efficiency η 0.6 
APD gain G 100 
APD bulk leakage current Ib 0.1 nA 
APD surface leakage current Is 10 nA 
APD effective ionization ratio keff 0.02 
Chip duration Tc 0.1 ns 
Receiver noise temperature Tr 300 K 
Receiver load resistance RL 1000 Ω 
